In aerobically and phototrophically growing cells of Rhodopseudomonas sphaeroides, glucose and fructose catabolism were studied by means of enzyme analysis, radiorespirometry and incorporation of specifically-labelled glucose and fructose into spheroidene fractions, into alanine and into valine. Bacteria grown on glucose or fructose possessed all the enzymes necessary for sugar catabolism via the Entner-Doudoroff pathway. Bacteria grown on fructose also contained an inducible . I -phosphofructokinase, indicating that fructose was degraded via fructose I-phosphate. Fructose was catabolized via both the Embden-Meyerhof and Entner-Doudoroff pathways. The contribution of each pathway to fructose breakdown was influenced by the growth conditions : under phototrophic conditions fructose was catabolized predominantly via the Embden-Meyerhof pathway; under aerobic conditions it was catabolized mainly via the Entner-Doudoroff pathway. This change in the major fructose catabolic pathway was paralleled by fructose-I ,6-bisphosphate aldolase activity : the activity was high in phototrophically growing cells and low in aerobically growing cells. Glucose, on the other hand, was catabolized via the Entner-Doudoroff pathway under both phototrophic and aerobic conditions.
INTRODUCTION
Like Rhodopseudomonas capsulata, Rhodopseudomonas sphaeroides is able to grow both aerobically and phototrophically on glucose and fructose. Rhodopseudomonas capsulata catabolizes glucose via the Entner-Doudoroff pathway (EDP) and fructose via the EmbdenMeyerhof pathway (EMP) (Conrad & Schlegel, 1977) . Both R. capsulata and R . sphaeroides contain a phosphoenolpyruvate (PEP)-fructose phosphotransferase system and I -phosphofructokinase which are induced by fructose (Saier, Feucht & Roseman, 1971; Conrad & Schlegel, 1974, 19-77) . As in R. capsdata, all the enzymes of the EDP are present in glucoseand fructose-grown R. sphaeroides (Szymona & Doudoroff, 1960) and are induced by these hexoses (Ohmann, Rindt & Borriss, 1969) . Therefore, it seemed likely that the glucose and fructose catabolic pathways would be the same in both species.
In this paper we present evidence that in R. sphaeroides fructose was catabolized by the concomitant operation of both the EMP and the EDP. The distribution of fructose carbon into the EMP and the EDP was altered by changing the growth conditions, since fructose-I ,6-bisphosphate (FBP) aldolase activity was high under phototrophic growth conditions, but was repressed under aerobic growth conditions. Glucose, on the other hand, was always catabolized via the EDP, irrespective of the growth conditions. (1977) . The washed bacteria were resuspended in mineral medium containing 0.01 % yeast extract to an extinction at 650 nm of 2 or 3.
Incorporation of specifcally-labelled glucose or fructose into spheroidene. Bacteria were grown under phototrophic conditions in mineral medium containing 5 ~M -N~H C O , and 5 mM-glucose or fructose specificallylabelled with 14C. After 2 to 3 days the bacteria were harvested and the spheroidene fractions were prepared according to the descriptions of Liaaen-Jensen (1962) and Schmidt, Pfennig & Liaaen-Jensen (1965) . The resulting diethyl ether extracts, which contained non-saponifiable pigments, were analysed for radioactivity and spheroidene content. Radioactivity was detected in a liquid scintillation counter, using toluene containing a,5-diphenyloxazole (4 g 1-9 and 2,2'-p-phenylene-bis-(4-methyl-5-phenyloxazole) (0. I g 1-l) as scintillation cocktail. An external standard was used to correct for colour-quenching. The absorption maximum at 542 nm of the ether extracts was used to calculate the spheroidene concentration assuming an extinction coefficient of E icz = 2600 (Eimhjellen & Liaaen-Jensen, 1964) . Samples of the ether extracts were chromatographed on silica gel thin-layer plates (Merck ; 0-1 mm thickness) using light petroleum (b.p. 40 to 60 'C)/acetone (9: I, v/v) as solvent. The radioactivity on the thin-layer plates was detected with a chromatogram scanner.
Incorporation of [~-l~C]fructose and [U-14qlfructose into alanine and valine. Bacteria were grown in 50 ml mineral medium containing 0.01 % yeast extract and I m~- [~~C] fructose (about 6 pCi); for phototrophic growth, they were incubated in completely filled glass bottles at 500 lx illumination; for aerobic growth, they were incubated in Erlenmeyer flasks on a rotary shaker (150 rev. min-l). Alanine and valine were isolated from the bacteria and decarboxylated by the method of Fraenkel & Levisohn (1967) with the following modifications. The amino acids were isolated by chromatography on silica gel thin-layer plates (Machery and Nagel, G-HR; 0.1 mm thickness) using the following solvent systems (Pataki, 1966) : chloroform/ methanol/17 % (w/w) aq. NH3 (2 : 2 : I , by vol.), phenol/water (75 : 25, w/w) containing 0.02 % (w/v) NaCN and butan-I-ol/glacial acetic acid/water (4: I : I, by vol.). After each run, the bands co-migrating with radioactive alanine and valine standards were eluted with water and rechromatographed in the subsequent solvent system. The radioactive amino-acid bands were detected by 2 days autoradiography using X-ray film. After decarboxylation of the isolated alanine and valine the released 14C02 was precipitated as Ba14C03 which was centrifuged and washed free of contaminating radioactive aldehyde with 4 ml acetone. The washed Ba14C03 was then dissolved in 0.5 ml of a solution of 10 % (w/v) EDTA in I M-Tris/HCI buffer (pH 9) (Hinks, Mills & Setchell, 1966) and transferred with two water washes (0.5 ml each) into 10 ml Aquasol.
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Chemicals. These were obtained from the same sources as described previously (Conrad & Schlegel, 1977 
RESULTS

Essential enzymes of sugar catabolism
The enzymes of two strains of R. sphaeroides were analysed in extracts of bacteria grown aerobically or photrophically on malate, glucose or fructose (Table I ). The two strains differed with respect to 6-phosphogluconate (6-PG) dehydratase activity: this could not be detected in R. sphaeroides strain 1760-1, but was easily detected in R. sphaeroides strain ATCC 17023. Rhodopseudomonas sphaeroides strain I 760-I was therefore designated as the 6-PG dehydratase-strain.
Neither of the two strains possessed an NADP-dependent 6-PG dehydrogenase. The 6-PG dehydratase-strain also lacked NAD-dependent 6-PG dehydrogenase activity, but this activity was detectable in the other strain (containing 6-PG dehydratase); however, the reaction had a lag period of about 10 min and was completely abolished when 10 mM-NaF, an inhibitor of 6-PG dehydratase, was added. It was therefore concluded that during the reaction 6-PG was converted to pyruvate and glyceraldehyde 3-phosphate by the action of 6-PG dehydratase and KDPG aldolase, which were also present in the extract, and that the apparent NAD-dependent 6-PG dehydrogenase activity was due to glyceraldehyde-3-phosphate dehydrogenase ; the same side reaction has been demonstrated for Pseudomonas species (Blevins, Feary & Phibbs, 1975; Phibbs & McNamee, 1976; Sawyer et al., 1977a) .
Rhodopseudomonas sphaeroides ATCC I 7023 contained constitutive activities of glucokinase, fructokinase, phosphoglucose isomerase and fructose I ,6-bisphosphatase, together with glucose-6-phosphate (G-6-P) dehydrogenase, 6-PG dehydratase and KDPG aldolase. These last three enzyme activities were about 3 to ro-fold higher in glucose-and fructosegrown bacteria, enabling R. sphaeroides to catabolize both glucose and fructose via the EDP. While 6-phosphofructokinase activity was low, I-phosphofructokinase activity was induced 10 to 20-fold by fructose; as a phosphofructomutase activity converting fructose 1-phosphate (F-I-P) to fructose 6-phosphate (F-6-P) could not be detected, fructose was assumed to be catabolized via F-I-P and the EMP. The FBP aldolase activity detected was only very low, but this was attributed to the non-optimal assay conditions : Willard, Schulman & Gibbs (1965) have demonstrated much higher activities by adding cysteine and ferrous ions to the assay mixture (see below).
The activities of all the enzymes tested were about 2 to ro-fold lower in phototrophicallygrown bacteria than in aerobically-grown bacteria. Such a decrease of activity under phototrophic growth conditions has previously been observed for G-6-P dehydrogenase, 6-PG dehydratase and KDPG aldolase and has been discussed in terms of catabolite repression (Ohmann et al., 1969) .
Radiorespirometric experiments
Radiorespirometric experiments were carried out with glucose and fructose labelled with 14C in the I-, 2-, 3-, 3,4-and 6-positions and with [U-f4C]glucose and [U-14C]fructose. The 14C02 released from a specifically-labelled hexose was trapped in KOH and counted. The percentage yield of 14C02 originating from the radioactive hexose was determined.
Bacteria grown under aerobic conditions on the corresponding sugar were used for these experiments. Similar patterns of radiorespirometric data were obtained with either glucose or fructose as substrate (Fig. I) 
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The activity was completely abolished by addition of 10 mM-NaF. 8 6-Phosphogluconate dehydratase and KDPG aldolase were measured together in a combined assay (Gottschalk, Eberhardt & Schlegel, 1964) . /I 6-PG dehydratase-strain. and [6-14C]hexose was quite low. This result indicated that both glucose and fructose were degraded via the EDP. Less 14C02 was released from [~-l~C]fructose than from [1-l4CC]-glucose and significantly more 14C02 was released from ['-14C]fructose than from [3-14C]glucose, indicating that a small part of the fructose was catabolized via the EMP. The radiorespirometric experiments did not indicate any participation of the pentose phosphate pathway in sugar degradation, which is consistent with the observation that 6-PG dehydrogenase was absent from extracts of R. sphaeroides.
To confirm the surprising result that fructose was catabolized via the EDP even tliough I-phosphofructokinase was induced, the radiorespirometric experiments were repeated with bacteria cultivated under phototrophic conditions. Since the experimental conditions for radiorespirometry were aerobic, the rates of 14C02 evolution from [ U-14C]hexose were lower (about 60 %) with phototrophically-than with aerobically-grown bacteria. The yields of l4COZ from [ IJ~C]-, [3-14C]-and [6-14C]glucose or similarly labelled fructose were differentially plotted against the yields of [U-14C]glucose or [U-14C]fructose, so that the data obtained for phototrophically-grown bacteria could be compared directly with those obtained for aerobically-grown organisms (Fig. 2) .
Using [ 1-14C]-and [3-14C]glucose, the differential rates of 14C02 evolution were identical in both cell types, suggesting that the growth conditions had no influence on the ability of the bacteria to catabolize glucose via the EDP (Fig. 2a) . Using labelled fructose, however, the differential rates of 14C02 evolution in phototrophimlly-grown bacteria compared with those in aerobically-grown bacteria were higher on [3-14C]fructose and lower on [ r-l4C]-fructose (Fig. 2b) . Thus the ability of the bacteria to catabolize fructose via the EMP was higher under phototrophic than under aerobic growth conditions. There was no difference between aerobically-and phototrophically-grown bacteria in the relative yields of I4CO2 released from position 2 or 4 of either glucose or fructose (not shown). With both hexoses, however, the differential rates of 14C02 evolution from position 6 were about 2 to 4-fold higher in bacteria grown phototrophically than in those grown aerobically. This higher rate suggested that some of the intermediate triose phosphate was recycled via FBP to G-6-P, thus enabling C-6 of the original substrate to become C-I of G-6-P.
Experiments with the 6-PG dehydratase-strain of Rhodopseudornonas sphaeroides Since fructose was catabolized via the EDP in aerobically-grown R. sphaeroides, it was interesting to see by which pathway fructose would be catabolized in the 6-PG dehydratasestrain, which lacked a functional EDP. A radiorespirometric experiment was carried out using specifically-labelled fructose and aerobically-grown bacteria of the 6-PG dehydratasestrain (Fig. 3) . The rates of 14C02 evolution from the different positions of fructose were in the order C-4 9 C-3 > C-I > C-2 = C-6. This result indicated that fructose was predominantly catabolized via the EMP; however, the significant release of 14C02 from position I and the rate of 14C0, evolution with C-4 & C-3 suggested that a significant part of the fructose was degraded via a pathway similar to the EDP.
This suggestion was confirmed by demonstrating all the enzymes necessary for the operation of the KDG-bypass, first described for R. [7] . The activity of the KDG kinase was rather low, but it correlated well with the relatively high doubling time of the 6-PG dehydratase-strain growing aerobically on fructose ( Table 2) . Almost no growth occurred aerobically on glucose indicating that the KDG-bypass was the only route for glucose degradation.
When growing phototrophically on fructose, both strains of R. sphaeroides had the same low doubling time of 4-5 h ( Table 2) . Under all the other growth conditions, the doubling times were 3 to 10 times higher for the 6-PG dehydratase-strain than for the other strain. This result indicated that a functional EDP was not necessary for fructose catabolism under phototrophic conditions, while it was essential for fructose catabolism under aerobic conditions and for glucose catabolism under both aerobic and phototrophic conditions.
Incorporation of specijically-labelled hexose into spheroidene
In contrast to the experimental conditions for radiorespirometry, which are always aerobic, the incorporation of specifically-labelled hexose into carotenoids can be carried out under phototrophic conditions. As acetyl-CoA is the precursor of the carotenoids, radioactivity from a specifically-labelled hexose is only incorporated when the labelled position is not lost as 14C02 during hexose breakdown, either in the 6-PG dehydrogenase reaction or in the pyruvate dehydrogenase reaction. Rhodopseudornonas sphaeroides and R. capsulata both contain almost exclusively spheroidene as carotenoid with little spheroidenone and neurosporene (Eimhjellen & Liaaen-Jensen, 1964) .
Rhodopseudornonas capsulata, used as a reference bacterium with known hexose catabolic pathways (Conrad & had significantly lower specific radioactivities when the organisms were grown on either [I -14C]glucose or [3-14C]fructose, than after growth on hexose labelled in another position. This result was consistent with glucose being catabolized mainly via the EDP and fructose mainly via the EMP. However, thin-layer chromatography of the spheroidene fractions revealed that in both bacteria most of the radioactivity co-migrated with three unidentified compounds and only a lesser part with spheroidene, spheroidenone and neurosporene.
Incorporation of [ UJ4C] fructose and [~-l~C]fructose into alanine and valine
To get further evidence for fructose being catabolized via the EMP under phototrophic conditions and via the EDP under aerobic conditions, R. sphaeraides was grown on [UJ4C]-and [~-l~C]fructose under both conditions, and alanine and valine were isolated from the cell protein and analysed for the percentage radioactivity present in their carboxyl groups. Both amino acids are derivatives of pyruvate; their labelling pattern can therefore be used to calculate the percentage radioactivity in the carboxyl group of pyruvate (Fig. 4) . The percentage radioactivity in the carboxyl group of alanine would be expected to be the same as that in its precursor pyruvate, whereas the percentage radioactivity in the carboxyl group of valine would be expected to be less than that in pyruvate as half of the radioactivity is lost as 14C02 during the biosynthesis of valine.
The percentage radioactivity in the carboxyl groups of alanine and valine originating from [U-14C]fructose was less than the theoretical values of 33.3 % and 20.0 %, respectively.
This loss of radioactivity was due to a systematic error and was explained by the incomplete recovery of 14C02 after decarboxylation of the amino acids : [I J4C]alanine and [I -14C]valine yielded only 83 to 86 of the radioactivity in their carboxyl groups ( Table 3) . The relative deviation from the expected value was used to correct the data obtained with alanine and valine originating from [ ~-~~C]fructose. Aerobically growing bacteria incorporated the label from [~-~~C]fructose into the carboxyl groups of alanine and valine to a higher extent than did phototrophically growing bacteria ( Table 3) . Calculating the percentage radioactivity in the carboxyl group of pyruvate, we found for both amino acids about 85 % under aerobic conditions and 30 % under phototrophic conditions. This supports the conclusion that R. sphaeroides degraded fructose under phototrophic conditions mainly via the EMP and not via the EDP as under aerobic conditions.
Influence of aerobic and phototrophic growth conditions on the FBP aldolase activity The influence of aerobic and phototrophic growth conditions on the fructose catabolic pathway suggested that one of the enzymes of fructose catabolism was altered by the growth conditions. Willard et al. (1965) have shown that the FBP aldolase of R . sphaeroides is a metallo-sulphydryl enzyme and its activity is stimulated by the addition of cysteine and/or ferrous ions. They did not point out, however, that when the FBP aldolase activity was tested under optimal conditions it was markedly higher in bacteria grown phototrophically on glucose than in those grown aerobically on glucose. Therefore, we re-examined the properties of FBP aldolase in R. sphaeroides and in the 6-PG dehydratase-strain using bacteria (30 min) and 1zoo00 g (90 min) followed by filtration through Sephadex G-25.
(30 min) and 120000 g @o min) but was not treated with Sephadex G-25.
repression of the synthesis of FBP aldolase rather than in an inactivation of enzyme activity (unpublished results).
DISCUSSION
The quantitative distribution of hexose carbon into the Embden-Meyerhof and pentose phosphate pathways or into the Entner-Doudoroff and pentose phosphate pathways is often influenced by the culture conditions, such as composition of the growth medium (Wang & Krackov, 1962) , temperature (Palumbo & Witlev, 1969) , oxygen partial pressure and pH (Blumenthal, Huettner & Montiel, 1974) , or by the state of celi differentiation (Lynch & Henney, 1973; Orlowski & Goldman, 1975; Dawson & Westlake, 1975) . In Streptococcus faecalis, the flow of glucose carbon between the EMP and the pentose phosphate pathway is apparently regulated by the 6-PG dehydrogenase activity, which is modulated by FBP (Brown & Wittenberger, 1971) . The simultaneous function of the EMP and the EDP for the breakdown of glucose or fructose has, to our knowledge, only been demonstrated in Clostridium (Desulfotomaculum) nigriJicans (Akagi & Jackson, I 967) , in Thiobacillus A2 (Wood & Kelly, 1976) and in several species of Pseudomonas (Sawyer et al., 1977a) . However, the simultaneous presence of the enzymes of the two pathways has also been demonstrated in Aquaspirillum gracile (Laughon & Krieg, I 9 7 4 , in Bacillus larvae (Julian & Bulla, I97I) , in marine species of Alcaligenes and Pseudomonas marina (Sawyer, Baumann & Baumann, 1g77b) and in R. capsulata and R. sphaeroides (Conrad & Schlegel, 1974) . Aquaspirillum gracile was believed to catabolize glucose via the EDP and the pentose phosphate pathway, since the FBP aldolase activity was rather low (Laughon & Krieg, 1974) ; B. larvae was shown to utilize glucose by an oxidative pathway (Julian & Bulla, 1971) ; the marine species of Alcaligenes and P . marina catabolized glucose and fructose apparently via the EDP (Sawyer et al., 19773) ; and R. capsulata was demonstrated to catabolize fructose via the EMP and glucose via the EDP (Conrad & Schlegel, 1977) . We have now shown that R. sphaeroides catabolizes fructose via both pathways together. The distribution of fructose carbon into the EMP and the EDP was regulated by the influence of aerobic and phototrophic growth conditions on the biosynthesis of FBP aldolase.
Labelling experiments with [ ~-~*C]fmctose and analysis of the radioactivity in the carboxyl groups of alanine and valine have shown that the major part of the fructose was Sugar catabolism in R. sphaeroides 287 catabolized via the EMP under phototrophic growth conditions and via the EDP under aerobic conditions. The exact proportion of fructose carbon being degraded by one or the other pathway cannot be estimated from the labelling data, since the extent of conversion of triose phosphate to the pyruvate pool is not known. An incomplete conversion of triose phosphate to pyruvate would result in an overestimation of the contribution of the EDP. Assuming, however, that the extent of triose phosphate conversion was the same under both aerobic and phototrophic growth conditions, the contribution of the EDP to fructose degradation was not more than 30 % under phototrophic and not more than 85 % under aerobic conditions.
The results of the amino acid-labelling experiments were confirmed by studying the incorporation of [ 1-14C]-, [3-14C]-and [6-14C] fructose into the spheroidene fraction of phototrophically growing bacteria. The resulting labelling pattern was characteristic for a major operation of the EMP. The labelling pattern was essentially the same as in a similar experiment with R. capsulata, which is known to catabolize fructose via the EMP (Conrad & Schlegel, 1977) . However, our interpretation of the labelling data is only correct if the radioactive compounds within the spheroidene fraction were derived exclusively from acetate or acetyl-CoA.
Further evidence for fructose being degraded under phototrophic conditions mainly via the EMP came from radiorespirometric experiments. Phototrophically-grown bacteria showed an increased ability to catabolize fructose via the EMP, compared with aerobicallygrown bacteria which catabolized fructose predominantly via the EDP. Rhodospirillaceae, like R. sphaeroides, R. capsulata and Rhodospirillum rubrum, possess the capacity for aerobic electron transport, independent of aerobic or phototrophic growth conditions (Kikuchi, Saito & Motokawa, 1965; Klemme & Schlegel, 1969; Thore, Keister & San Pietro, 1969) . This capacity is, in phototrophically-grown bacteria, only about 50 to 70 % less than in aerobically-grown organisms. As the activities of the enzymes involved in sugar catabolism were also lower in phototrophically-grown R. sphaeroides, it was impossible to decide whether these enzyme activities or the capacity for aerobic electron transport were rate-limiting for fructose radiorespirometry . We suppose, however, that in phototrophicallygrown bacteria one of the glucolytic enzymes was rate-limiting for radiorespirometry, as a relatively high 14C02 evolution from [6-14C]hexose was observed. A high release of 14C02 from position 6 has been explained by recycling of triose phosphate via FBP to G-6-P and has often been found in bacteria which are able to catabolize hexose via the EDP (and, in some cases, the pentose phosphate pathway), like Thiobacillus ferrooxidans (Tabita & Lundgren, I 971), Neisseria gonorrhoeae (Morse, Stein & Hines, 1974) and Corynebacterium autotrophicum (R. Opitz, personal communication). The assumption that triose phosphate was recycled because of a rate-limiting glucolytic enzyme accords with the higher rate of 14C02 evolution from [6-14C]fructose than from [6-14C]glucose and is also consistent with the FBP aldolase activity being high in phototrophically-grown cells. In addition, pyruvate kinase has half the activity in phototrophically growing bacteria compared with aerobically growing bacteria (Schedel, Klemme & Schlegel, I 975) .
With the 6-PG dehydratase-strain of R. sphaeroides, fructose was degraded to a major extent via the EMP even under aerobic growth conditions, although some was apparently catabolized via the KDG-bypass of the EDP. Furthermore, the growth rate of this strain under aerobic growth conditions on fructose was lower than that of the strain containing 6-PG dehydratase activity. The growth rates for phototrophic growth on fructose, however, were the same in both strains, suggesting that one of the enzymes of the EMP was limiting for growth on fructose whenever the cultivation conditions were aerobic and the EDP was not functional.
This suggestion was confirmed by the discovery that the biosynthesis of FBP aldolase was repressed under aerobic conditions. It was therefore concluded that this enzyme was ratelimiting for the operation of the EMP under aerobic growth conditions, resulting either in a slow growth rate on fructose or in an increased contribution of the EDP to fructose breakdown. The repression of FBP aldolase under aerobic growth conditions parallels the repression of ribulose-1,5-bisphosphate carboxylase in the same bacterium (Lascelles, 1960) ; both enzymes are essential for the operation of the Calvin cycle, which is not functional in R. sphaeroides during aerobic growth. In contrast to fructose, glucose was always catabolized via the EDP. This was shown by radiorespirometric experiments with aerobically-and phototrophically-grown bacteria and by incorporation of specifically-labelled glucose into ether-soluble material. Growth on glucose was very poor in the 6-PG dehydratase-strain of R. sphaeroides, suggesting that glucose breakdown was limited by the activity of the KDG-bypass (Fig. 5) .
The results of the radiorespirometric experiments are fully consistent with the enzyme data (Fig. 5) . A constitutive glucokinase activity enabled the bacteria to phosphorylate intracellular glucose. Nothing is known about the glucose transport system in A. sphaeroides. The presence of a PEP-glucose phosphotransferase system, however, has been anticipated by the finding that a-methyl glucoside transport is inhibited by vinylglycollic acid, which is known to inhibit PEP-phosphotransferase systems (Snyder et al., 1976) . The constitutive presence of high phosphoglucose isomerase but low 6-phosphofructokinase activities apparently did not allow a significant contribution of the EMP to glucose catabolism. Glucose-6-phosphate dehydrogenase, 6-PG dehydratase and KDPG aldolase, however, were highly active in both glucose-grown and fructose-grown bacteria, allowing the breakdown of G-6-P via the EDP. Fructose-grown bacteria contained, in addition, a PEP-fructose phosphotransferase system (Saier et al., I 971) and I -phosphofructokinase activity, indicating that the initial steps in fructose catabolism involved a PEP-dependent phosphorylation of fructose followed by the conversion of the resulting F-I-P to FBP. Under phototrophic growth conditions the FBP was split by the action of FBP aldolase, but this was not possible under aerobic growth conditions when FBP aldolase was repressed. Under the latter conditions fructose was catabolized via the EDP, but the reaction sequence by which it was channelled into the EDP remains unexplained. There seem to be two possibilities. (I) In addition to the PEP-fructose phosphotransferase system, a system which transports unphosphorylated fructose might operate, as in Arthrobacter pyridinolis (Wolfson et al., 1974) . Intracellular fructose could be catabolized via the EDP, as all the necessary enzyme activities -fructokinase, phosphoglucose isomerase, G-6-P dehydrogenase, 6-PG dehydratase and KDPG aldolase -were present in fructose-grown bacteria. (2) No phosphofructomutase activity converting F-I-P to F-6-P could be detected in extracts, whereas Sugar catabolism in R. sphaeroides 289 fructose 1,6-bisphosphatase activity forming F-6-P from FBP was low but easily detectable. (No attempt was made to find the optimal assay conditions for the fructose 1,6-bisphosphatase reaction.) Thus a pathway leading from fructose via F-I-P, FBP, F-6-P and G-6-P into the EDP is also conceivable, as has been discussed by Conrad & Schlegel (1977) and Sawyer et al. (1977a) .
